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PRELIMINARY TABLES OF SOME CHEMICAL ELEMENTS 
IN SEVEN TREE SPECIES IN MAINE 
Harold E. Young1, Paul N. Carpenter2 and Russell A. Altenberger3 
INFORMATION FOR PROPER USE OF THE TABLES 
A series of studies of the fresh and dry weight of complete trees 
by components, led to the development of the complete tree concept. In 
this concept the primary unit of measurement is weight instead of volume 
as it is based on the woody fiber. The entire tree from root hairs to 
needles or leaves is considered for biological and technological research 
and development leading to eventual utilization of the complete tree. 
The first of a series of studies based on the complete tree concept 
was concerned with the chemical elements in the wood and bark of 
tree components and in the leaves or needles. This study was published 
by the Technical Association of Pulp and Paper Industries. The find-
ings by the TAPPI study coupled with the information supplied by the 
preliminary fresh and dry weight tables for these same species, pub-
lished by the Maine Agricultural Experiment Station, formed the basis 
of the tables that make up this current study. 
These tables show the amount in grams for each of twelve ele-
ments for the complete tree and the merchantable bole, for seven tree 
species in terms of five height classes and ten diameter classes. 
Tables 1 and 2 show the percent of each of the elements in the 
bark of the complete tree and in the bark of the merchantable bole by 
species. These have been included to show the relative amount removed 
from the forest when the bark is included. Table 3 shows the percent 
of each element in the leaves or needles, and in the roots and branches 
less than 14 inch in diameter for each element by species. Under the 
most intensive utilization of a tree this material is the most likely of 
all the components to be returned to the forest floor for the next crop. 
Table 4 shows the percent of each element in the wood portion of the 
complete tree larger than VA inch in diameter to illustrate the removal 
of chemical elements under intensive utilization. 
The authors are acutely aware of the importance of adequate 
sampling to determine the range of variation of chemical elements be-
tween trees growing on the same site and between sites. Six or more 
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2 
mature trees per site and three to six sites would have been desirable. 
This study was limited to a single tree for each species growing in till 
soil for the chemical elements analysis. We recognize this as inadequate 
sampling and therefore refer to these tables as preliminary tables. 
To obtain and chemically analyze 21 sets of duplicate samples for 
12 elements for a single tree from each of seven species constitutes a 
formidable work load. Inasmuch as each tree had lived for a lengthy 
period of years, each subsample was a composite of many years' growth 
of a single tree. Extensive sampling is desirable and necessary to de-
termine the range of variation that can be expected for each element in 
each species from small seedlings to mature trees. Such studies are 
underway and will be reported at a later date. 
These tables do show the general order of magnitude for each of 
the 12 elements by species. Because of the limited sampling, the re-
sults have been rounded off to the nearest gram for those in compara-
tive abundance and to the nearest tenth of a gram for those present in 
small amounts. It is important to bear in mind that the actual amount 
of an element present in a tree is not, by itself, a true indication of the 
relative importance of that element for the survival and growth of that 
tree. 
At this point our knowledge of the supply of chemical elements 
in forest soils, the demand of forest vegetation and the amounts of 
chemical elements removed in harvesting operations is very limited. It 
is hoped that these preliminary tables will stimulate professional for-
esters and forest scientists in such a manner that these tables will be 
used for exploratory studies. Our rapidly expanding national popula-
tion will necessitate more exact information in order to meet our na-
tional requirements for forest products in the future. 
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Table 1—Estimated Amount of Element in Bark as Percent of Amount of 
Element in Complete Tree* 
Species Elements 
Al Mn Mo Ca P Mg Zn Cu Fe B N K 
Red Spruce 48 25 39 40 17 24 35 20 28 25 14 25 
Balsam Fir 28 23 34 34 30 25 30 13 45 31 14 30 
Hemlock 34 25 50 42 18 19 37 21 34 21 14 16 
White Pine 74 43 55 63 46 44 49 22 57 57 21 39 
White Birch 25 45 55 59 23 23 36 14 43 40 32 17 
Red Maple 59 49 70 64 34 30 30 24 40 46 38 25 
Aspen 59 39 69 67 41 43 55 28 53 53 34 40 
*This table does not include bark in material in the tree smaller than 14"—however 
such material is included in estimates of the complete tree 
Table 2—Estimated Amount of Element in Bark as Percent of Amount of Element in 
Wood and Bark of Merchantable Bole (from stump to 4" top diameter inclusive) 
Species Elements 
Al Mn Mo Ca P Mg Zn Cu Fe B N K 
Red Spruce 100 37 38 46 53 51 47 21 44 67 27 49 
Balsam Fir 100 51 66 59 100 32 47 93 70 56 43 42 
Hemlock 100 47 77 66 48 41 55 24 64 66 41 36 
White Pine 100 60 65 82 100 66 57 19 61 73 37 53 
White Birch 19 58 63 69 30 30 38 20 49 69 50 39 
Red Maple 62 59 78 70 76 36 29 26 43 63 47 31 
Aspen 100 52 82 75 48 44 61 25 55 65 47 37 
Table 3-—Estimated Amount of Element in the Leaves, Branches and Roots Les! 
than 'A" as a Percent of Amoun t of Element in Comple te Tree 
Species Elements 
Al Mn Mo Ca P Mg Zn Cu Fe B N K 
Red Spruce 51 43 28 36 73 49 20 17 49 63 60 54 
Balsam Fir 72 61 55 54 70 47 44 18 53 53 73 46 
Hemlock 65 52 37 39 70 62 40 20 55 71 69 61 
White Pine 25 29 17 22 50 33 16 7 22 24 46 30 
White Birch 18 28 21 23 37 37 21 41 34 48 42 60 
Red Maple 25 21 16 16 44 22 10 10 33 32 30 24 
Aspen 33 32 18 16 31 17 15 8 19 25 39 6 
Table A—Estimated Amount of Element in Wood as a Percent of Amount of 
Element in Complete Tree 
Species Elements 
Al Mn Mo Ca P Mg Zn Cu Fe B N K 
Red Spruce 1 32 33 24 10 27 45 63 23 12 26 21 
Balsam Fir 0 16 11 12 
— 
28 26 69 ? 16 13 7.4 
Hemlock 1 23 13 19 12 19 23 59 11 8 17 23 
White Pine 1 28 28 15 4 23 35 71 71 19 33 31 
White Birch 57 27 24 18 40 40 43 45 23 1? 76 23 
Red Maple 16 30 14 20 11 48 60 66 27 22 32 51 
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5.4 5.8 
7.3 7.9 




2 3 . 1 24.6 
27.3 29.0 


















40 50 60 
.6 .7 
.8 1 .0 
1 . 1 1 .3 
1 .4 1 .7 









D » B . H . 



















• 4 .4 
.5 .5 
• 6 .6 
.7 .7 
• S .8 
HEMLOCK 
MERCHANTABLE BOLE 
D, . B . H . 




























D • B .H• 














40 50 60 
.5 .5 
.7 . 7 
.9 I .0 
1 .2 1 .3 
I .6 1 .7 
2.0 2 . 1 
2.4 2.6 




















4C 50 6C 








.9 1 . 1 
1 . 1 1 .3 
50 
HEMLOCK 
C O M P L E T E TREE 
D.P.H. 
(IN. j 





























M E R C H A N T A B L E BOLE 
D.B.H. 














( F E E T ) 












. 9 1 . 0 
1 . 0 1 . 2 
1 . 2 1 . 4 
1 . 4 1 . 6 
















BORON (GRAMS I 
TOTAL HEIGHT 
(FEET) 
40 50 60 
.6 .7 
.9 .9 
1 .2 1 .3 
1 .5 1 .7 
2.1 2.2 
2.6 2.7 
3. 1 3.3 
3.7 4.0 
4.4 4.7 



















40 50 60 
. 1 . 1 













D. » B • H • 












D • B .H . 





















388. 413. 435. 
490. 522. 550. 
645. 679. 711. 
782. 824. 
985. 








TOTAL H E I G H T 
(FEETi 
50 60 70 80 
4 3 . 5 3 . 
5 8 . 7 2 . 
9 5 . 
8 6 . 
1 13. 
120. 143. 166. 
149. 177. 2 0 6 . 
2 1 5 . 2 4 9 . 2 8 4 . 
2 5 6 . 2 9 7 . 
3 5 0 . 
4 0 6 . 
4 6 7 . 
3 3 8 . 
3 9 8 . 
4 6 2 . 
531 . 
53 
WH I TE P I NE 
COMPLETE TREE 
D.B.H. 















50 60 70 80 
9 3 . 100. 
131. 141 . 
190. 
150. 
2 0 2 . 
2 4 6 . 2 6 2 . 2 7 6 . 
3 1 2 . 331 . 349. 
4 1 0 . 4 3 2 . 4 5 2 . 
4 9 7 . 5 2 4 . 
6 2 6 . 
7 3 8 . 
B 6 0 . 
5 4 8 . 
6 5 5 . 
7 7 2 . 
9 0 0 . 
WHI TE PI NE 
MERCHANTABLE BOLE 
D.B.H. 














50 60 70 80 
41 . 51 • 




1 15. 137. 159. 
142. 170. 197. 












D . B . H . 











WH I TE P I NE 
MERCHANTABLE BOLE 
D.B.H. 















50 60 70 BO 
5 5 . 6 0 . 




147. 156. 165. 
186. 198. 208. 













50 60 70 ao 
2 2 . 2 7 . 




61 . 7 3 . 8 5 . 
7 6 . 91 . 105. 
1 10. 126. 145. 
































41 . 43. 
53. 56. 









































20. 24. 28. 
25. 30. 34. 












D • B .H . 



















2 3 . 2 4 . 
31 . 3 3 . 
4 0 . 4 3 . 
















WH I TE P I NE 
MERCHANTABLE BOLE 
D • B . H . 




















10. 1 1 . 13. 
12. 14. 16. 
1 7. 2 0 . 23 









WH I TE P I NE 
COMPLETE TREE 
D.B.H. 





















16. 17. 1 8 . 
2 0 . 21 . 2 2 . 
2 6 . 2 7 . 2 9 . 

























50 60 70 BO 
2. 3. 




7. 8. 10. 
9. 10. 12. 












D . B . H . 















50 6 0 70 SO 
2.7 2.9 




7.2 7.7 e. l 
9. 1 9.7 10.2 











D . B . H . 















50 60 70 BO 
.9 1 . 1 




2.5 3.0 3.5 
3. 1 3.7 4.3 








1 1 .2 
59 
WH I TE P I NE 
COMPLETE TREE 
D • B . H . 





















7.9 B.4 8.9 
10.0 10.6 11 .2 
13. 1 13.9 14.5 
16.0 16.8 























TOTAL H E I G H T 
(FEET) 
5 0 60 70 80 
1 . 1 1 .4 




3. 1 3.7 4.2 
3.8 4.5 5.3 




























SO 60 70 80 
1 . 1 
1 .1 > 1 
• 1 . 1 
.2 .2 .2 
.2 .2 .2 











D • B .H • 















50 60 70 80 
0 .0 
0 .0 .1 
.1 .1 
.1 .1 . 1 
.1 .1 . 1 
.2 .2 







D • 6.H. 















50 60 70 80 





4.7 5.0 5.2 
5.9 6.3 6.6 
7.8 8.2 8.6 
9.4 9.9 

























50 60 70 80 
.9 1 . 1 




2.6 3.1 3.6 
3.2 3.8 4.4 

































1 .2 1 .3 1 .3 
1 .5 1.6 1 .7 

































.7 .8 .9 
.8 1.0 1 . 1 
1 .2 1 .4 1 .6 









WHI TE PI NE 
COMPLETE TREE 
D • R . H . 





















.6 .9 .9 
1 .0 1 . 1 1 .2 
1 .4 1 .5 1 .5 
1 .7 1 .8 







WHI TE PI NE 
MERCHANTABLE BOLE 
D • B • H • 



















4 .4 .5 
5 .5 .6 
.7 .8 .9 
.8 .9 1.0 
1 .1 1.2 
1.3 1.4 












































D • B . H . 














50 60 70 






























































D . B . H . 















50 60 70 























D . B . H . 















50 6 0 70 
144. 155. 
2 0 2 . 2 1 8 . 
2 9 4 . 
2 3 2 . 
3 1 2 . 
3 8 2 . 4 0 6 . 
5 1 3 . 
6 3 4 . 
7 7 0 . 
9 1 9 . 
1084. 











D • 8 *H . 















50 6 0 70 
4 2 . 5 2 . 
5 7 . 71 . 
9 3 . 
8 5 . 
111. 
1 IB. 141 • 
174 . 
21 1 . 
2 5 2 . 
2 9 6 . 
3 4 4 . 













D . B . H . 














50 6 0 70 
26. 2 B . 
36. 3 9 . 
5 2 . 
4 1 . 
5 6 . 






2 2 5 . 
7 6 . 




2 0 4 . 




















50 60 70 
8. 10. 






































50 60 70 
3 2 . 3 5 . 
4 6 . 4 9 . 
6 6 . 
5 2 . 
71 . 




2 0 8 . 
2 4 5 . 



























50 60 70 
5. 7 . 
7. 9. 
12. 





















D • B .H. 














50 60 70 
2 0 . 2 2 . 

















































































































50 60 70 
.8 1 .0 







































50 60 70 
.9 1 .0 






















0 • B .H . 

















5 .6 .7 
.8 .9 
1.0 1 . 1 
1 .1 1 .3 
1.3 1 .6 
1 .6 1 .8 












































D • B • H • 













0 60 70 
. 1 
• 1 .1 
.1 .1 












D • B • H • 





































D • B.H. 














50 60 70 






















D • B . H . 















50 60 70 
6 .7 




















D . B . H . 







































D • B .H • 












TOT AL HEIGHT 
(FEET) 
4 0 50 60 70 
.5 .6 
• 7 .8 .8 
1 .0 1 . 1 
1 .4 1 .5 1 .5 









D • B . H • 




















































TOTAL HE 1 GHT 
(FEET) 
50 60 70 
24 1 . 2 5 6 . 
3 3 9 . 361 . 
4 5 6 . 4 8 5 . 
5 9 3 . 6 3 0 . 6 6 4 . 
7 9 7 . S 4 0 . 




D • B .H. 














50 60 70 
7 8 . 9 2 . 
106. 126. 
139. 165. 
176. 21 0. 2 4 4 . 
2 6 0 . 301 . 





D • B .H. 













50 60 70 
3 8 4 . 4 0 8 . 
5 4 0 . 5 7 5 . 
7 2 7 . 7 7 4 . 
9 4 5 . 1005. 1059. 
1271 . 1339. 





D • B .H . 











TOTAL HE 1GHT 
(FEET) 
50 60 70 
17S. 2 1 3 . 
2 4 4 . 291 • 
3 1 9 . 381 . 
4 0 5 . 4 8 3 . 561 
5 9 8 . 694 



















M E R C H A N T A B L E BOLE 
D.B.H. 















50 60 70 
138. 147. 
194. 207. 
261 . 278. 






50 60 70 
77. 91 . 
104. 125. 
137. 163. 
174. 207. 240. 
256. 297. 





D »B .H. 













50 6 0 70 
4 2 . 4 5 . 
6 0 . 6 4 . 
81 . 3 6 . 
0 5 . 111. 1 17 
141. 148 
174 . 183 
ASPEN 
MERCHANTABLE BOLE 
D . B . H . 















5 0 60 70 
19. 2 3 . 
2 6 . 3 1 . 
3 4 . 4 0 . 
4 3 . 51 . 59 
6 3 . 73 



















50 60 70 
2 4 . 2 6 . 
34 . 3 6 . 
4 6 . 4 9 . 
6 0 . 6 3 . 67 
8 0 . 84 


















50 60 70 
7. 9. 
10. 12. 
1 3 . 16. 
1 7 . 2 0 . 24 
2 5 . 29 
3 0 . 35 
ASPEN 
COMPLETE TREE 
MANGANESE (GRAMS I 
D.B.h. 














50 60 70 
6. 7. 
9. 9. 
12. 1 2. 
15. 16. 17 
2 0 . 21 




































D, > B i H » 








































50 60 70 
1 .0 1 .2 
1 .4 1 .7 
1 .9 2.2 





















D • P • H • 












50 6 0 
.7 .8 
1 .0 1 . 1 
1 .4 1 .5 






40 50 60 
.2 . 2 
. 3 . 3 
2 . 0 
2 . 5 
3 . 1 
.3 . 4 
.4 . 5 . 6 
. 6 . 7 












































. 1 . 1 
• 1 . 1 









































50 60 70 
3.6 3.8 
5. 1 5.4 
6.8 7.3 
8.9 9.4 10.0 
11 .9 12.6 
14. S 15.6 
ZINC (bRAMS) 
TOTAL HE IGHT 
I FEET) 
50 60 70 
1 .7 2.0 
2.3 2.8 
3.0 3.6 





















50 6 0 70 
.7 .7 
.9 1 .0 
1 .3 1 .4 


























8 .9 1 .0 
1 . 1 1 .3 



















50 60 70 
.6 .6 
• S .9 
1 . 1 1 .2 
1 .4 1 .5 1 .6 
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